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ABSTRACT 
Presently, there are few references which openly discuss the design 
and performance of centrifugal compressor scrolls.  The advanced 
design methods proposed by Brown and Bradshaw (1), K. J. Muller (5), 
and H. J. Schroder (7) were analyzed to determine the validity of 
their results.  A scroll loss coefficient determined using the method 
of Schroder was  compared to the experimental loss coefficients of 
Mishina and Gyobu (A).  Mishina and Goybu's experimental observation 
that the scroll area distribution and radial centerline position 
significantly affect the scroll loss coefficient has been theoreti- 
cally confirmed.  The scroll cross-sectional shape has little influ- 
ence on either the experimental or theoretically predicted loss 
coefficients. 
Brown and Bradshaw's proposed scroll design method proved to be 
limited to reasonable coefficient of friction geometries.  This 
limitation results from their assumed tangential velocity distribu- 
tion along with an incorrectly formulated momentum equation. 
A design method has been proposed by Muller which determines the 
static pressure distribution in a given scroll configuration.  This 
method includes the effect of the strong vortex flow attributable to 
the scroll inlet geometry.  Muller's analysis is considerably more 
detailed than that in reference (1) but the results make the compar- 
ison of various scroll geometries difficult at best.  A scroll loss 
coefficient could not be determined from the results of Muller. 
Both Muller and Schroder present a calculation procedure which deter- 
mines the scroll area distribution required to maintain a constant 
static pressure about the periphery of the scroll inlet.  Schroder's 
match point calculation procedure has many similarities to that of 
Muller but does not consider the effect of the vortex flow.  This 
simplification allows the scroll loss coefficients of various cross- 
sectional geometries to be easily compared.  A circular scroll with a 
constant inner diameter coincident with the vaneless diffuser exit 
proved to be the most efficient. 
1^  INTRODUCTION 
« 
The flow leaving either varied or vaneless diffusers of single cen- 
trifugal compressors is often collected in a scroll and diffused in a 
discharge nozzle.  The design of scrolls is a complex task due to its 
three dimentional geometry and is complicated by friction, mixing 
losses, vorticity, and non-uniform velocity gradients. 
Presently, there are few references which openly discuss the design 
of scrolls and their relationship to the entire compressor stage. 
The purpose of this work is to critically discuss three advanced 
analytical methods of scroll design which have appeared in open 
literature.  The theoretical analyses proposed by Brown and Bradshaw 
(1), K. J. Muller (5), and H. J. Schroder (7) will be discussed 
herein and compared to the experimental observations of Mishina and 
Gyobu (4).  The latter have investigated the performance of large 
capacity centrifugal compressors and have experimentally determined 
the loss coefficients of Several scrolls with various cross-sectional 
geometries.  The following summarizes the contributions of Brown and 
Bradshaw, Muller, and Schroder. 
A)  Brown and Bradshaw (1) 
This work specifies a scroll design by positioning predetermined 
scroll cross-sections at an angular position which conserves both 
continuity and momentum with an assumed radial variation of the 
tangential velocity.  The effect of friction and the radial variation 
in density is included in this analysis. The proposed method is 
limited to scroll designs which have a reasonable coefficient of 
friction. 
B) Muller (5) 
Presented in Muller's paper is the experimentally determined velocity 
distribution of several scroll designs and a corresponding analytical 
prediction technique.  A correction is included for the axis curva- 
ture and the influence of the secondary flow field associated with 
solid body rotation.  This solid body rotation of the secondary flow 
field is influenced by the inflow arrangement to a given scroll area. 
C) Schroder (7) 
Schroder studied the work of several authors concerned with the 
design of spiral scrolls of centrifugal compressors.  In his paper 
he reduced the design problem to that of a conical spiral.  The 
mass flow is uniformly supplied at a constant static pressure. 
Because of the constant static pressure boundary condition, this 
analysis is limited to one unique de"sxgn point and neglects the 
potential influence of off-design performance. 
* 
2^_    THEORETICAL ANALYSIS - BROWN AND BRADSHAW (1) 
2.1  INTRODUCTION 
In 1947 Brown and Bradshaw examined unpublished data which suggested 
that combining a low radius ratio vaneless diffuser with a diffusing 
scroll was the most efficient combination of a conventional vaneless 
diffuser - scroll system. Presented in this chapter is the analyti- 
cal technique developed by Brown and Bradshaw which was used to sub- 
stantiate their observations. 
A family of diffusing scrolls with a mixed-flow impeller and 
vaneless diffuser was tested.  Results showed that the-scroll cross- 
sectional geometry and surface finish had only a minimal effect on 
the compressor's overall performance.  This observation was the basis 
for the authors' solution technique which angularly positions pre- 
determined scroll cross-sections while satisfying continuity and 
momentum with an assumed radial variation of the tangential velocity. 
The velocity variation assumed is a functional form which greatly 
simplifies the simultaneous solution of the continuity and momentum 
equations. 
2.2 ANALYSIS 
The following scroll design technique determines the required circum- 
ferential position of predetermined scroll cross-sections.  The 
location is established by satisfying continuity and momentum for a 
control volume while maintaining a constant static pressure at the 
scroll inlet.  Although Brown and Bradshaw include a correction for 
the radial variation in density, the following analysis will assume 
an incompressible fluid. 
In order to satisfy continuity the scroll inlet flow is equated to 
the control volume through flow per the expression 
b3 C*3 r3 *  /      b Cu dr    * 2.2.1 
o 
Because the flow entering the scroll attempts to conserve angular 
momentum, Brown and Bradshaw have assumed the following radial varia- 
tion of the tangential velocity 
Cu/Cu3 = r3/r - a  ( r/r3 - 1 ). 2.2.2 
The friction index, o, describes the loss in angular momentum of the 
fluid in a scroll cross-section.  The index is assumed to be a 
function of <j> and is a constant for a given radial cross-section. 
Combining equations 2.2.1 and 2.2.2 yields 
—r1 <|> = -^    I       '       {  r  /r - a  (   r/r    - 1  )   } b  dr Cr3  r3 b3 J rQ 
2.2.3 
By  setting 
r.  =   r,,     ;     x =  r/r       ;     x^ =  r  /r    =1     ;     x,   =  r./r        2.2.4 O j       ' O OOo lio 
we  see   that 
cu3       r xi r xiC\ 
<j> =  {/ b/x dx - oj BTx -  1  )   dx  } 
c 3 b3 A0 Ao 
2.2.5 
The angular position of a radial cross-section can now be described 
as 
where 
<j) = I - a  I 2.2.6 
x     y 
c
u3 F1 J x_ Ix =  /    b/x dx 2.2.7 Cr3 b3^ Q 
r Cu3  . -     , I =  /    b ( x - 1 ) dx 2.2.8 C
r3 b3 " ^o 
In order to conserve momentum in the scroll control volume described 
in Illustration 2.1, Brown and Bradshaw write 
M2 - Ml +Mper ~ MF 2'2'9 
where 
M2 = The angular momentum leaving surface 2 . 
M, = The angular momentum entering surface 1 . 
M = The angular momentum entering surface r. d<$>. 
Mp, = The angular momentum loss due to friction. 
One should note that Brown and Bradshaw did not include the pressure 
loss due to friction when writing equation 2.2.9.  As the coefficient 
of friction is increased, the absence of this term becomes apparent. 
Ultimately, Brown and Bradshaw's solution technique will fail to 
converge.  An example of this will be documented later in this 
chapter. 
By definition 
CX\ 2 M2 =1 p  C    2 b2 r. dr 2.2.10 
Jr
o 
1
=f1 *  Cu,lbl  rl  dr 2'2-U 
•'r 
M,   = 
o 
where 
Mper "  C P b3 r3 crf d* )  C^ r3 
=   (  p b3 r2 Cr3 Cu3  )   (  <j>2 - ^  ) 2.2.12 
Mp = F p  Cu3  r^ b3  (  <j>2 - *x  ) 2.2.13 
F
 " fbj {   ( Ul/r4,l + Vr4,2 }   ( .r4,l + r4,2 >   } 
2.2.14 
and the shear stress is defined as 
T = 1/2 f p C2 2.2.15 
u 
Equations 2.2.10, 2.2.11, 2.2.12, and 2.2.13 can be substituted into 
equation 2.2.9 to yield 
7f r, /* rl 2 
C2  b„ r0 dr = /    C . b. r. dr 
r    u.2 2 2    Jx u,l 1 1 
+
 
(
 
b3 Cu3 Cr3 r3 " F Cu3 4  b3 > ( *2 " *1 > 
2.2.16 
If we define 
C      /* x 
I = —  /    b^(x-l)  dx        2.2.17 
inconjunction with equations 2.2.4, 2.2.7, and 2.2.8, we can solve 
equation 2.2.16 for <}>,, and write 
Q 
<J. = ( 1 - F -^ )-1 { I   - 2 a„ I   + a* I 9 - I . 2 C x,2      2  y,2    2  z,2    x,l r3 
2-       , ,  - Cu3 
+ 2 a I   - a I   + ( 1 - F ~  ) <(,, } 1  y,l    1  z,l Cr3    1 
2.2.18 
Equation 2.2.18 can be solved simultaneously with equation 2.2.6 
using a stepwise solution technique to determine the angular posi- 
tion of a given scroll cross-section, (J>, and the friction index, a. 
Such a method was proposed by Brown and Bradshaw. 
2.3 NUMERICAL SOLUTION 
A computer program has been written which determines the scroll area 
distribution for the described technique of Brown and Bradshaw.  For 
the benefit of comparison, identical scroll design conditions will be 
assumed for the illustrated numerical solutions of Brown and Bradshaw 
(1), Muller (5), and Schroder (7). 
The following are the assumed scroll design data: 
/ 
SQUARE CROSS-SECTIONAL AREA 
r    = r~  =   .170 m Co = 50 m/s 
p  =  1.56 kg/m3 G3 = 1.65 kg/s 
Cu3 =  154 m/s b    = 0.0198 m 
For a square scroll cross-section equations  2.2.7,   2.2.8,  and  2.2.17 
can be expressed as 
C  - b 
I    = —     ln(  x ) 2.3.1 
Cr3b3 
Cu3 b 2 I    =     ( xZ/2 - x + 1/2  ) 2.3.2 
cr3 b3 
C 3 b - 
I < x4/4 - 2 x /3 + x2/2 - 1/12  )   2.3.3 
Z
       C  , b0 r3    3 
10 
Using a stepwise solution technique, equations 2.2.18 and 2.2.6 were 
solved using the example design data.  The coefficient of friction, 
f, was varied from 0.0 to 0.0125 with the results being plotted in 
Figure 2.1.  For a coefficient of friction equal to 0.0125, Brown 
and Bradshaw's solution technique becomes unstable and a converged 
solution is not found.  This unstable condition is partly attri- 
butable to their lack of consideration of the pressure loss due to 
friction when writing equation 2.2.9. 
In equation 2.2.2 Brown and Bradshaw have assumed a tangential 
velocity distribution which is a function of both the radius, r, and 
the friction index, a.     From Figure 2.2 one can see that the friction 
index is approximately linear with respect to the coefficient of 
friction. As the coefficient of friction is increased a larger 
value of the friction index is required to balance the continuity 
and momentum equations.  The tangential velocity distribution at the 
scroll exit versus the assumed coefficient of friction is shown in 
Figure 2.3.  As the friction index increases the tangential velocity 
at the outer radius of the scroll decreases.  For a coefficient of 
friction equal to 0.0125, the tangential velocity at the outer radius 
of the scroll becomes negative.  This adds to the unstable character- 
istic of the authors' solution technique for scrolls with large 
coefficients of friction. 
The computer solution of Brown and Bradshaw's analysis is summarized 
in Tables 2.1 through 2.6. 
11 
2.4 DISCUSSION 
The soundness of Brown and Bradshaw's analysis is linked to the 
validity of their assumed tangential velocity distribution as given 
by equation 2.2.2.  From Figure 2.3 it is evident that the assumed 
velocity distribution is not bounded by the conservation of angular 
momentum for very high coefficient of friction applications. 
Equation 2.2.2 shows that as the radius, r, approaches infinity, the 
tangential velocity approaches negative infinity since the friction 
index is always positive.  Brown and Bradshaw's assumed tangential 
velocity distribution appears to have been chosen to simplify the 
calculation procedure.  An improved version of Brown and Bradshaw's 
analysis should include an alternate form of the tangential velocity 
distribtion which results in physically realistic solutions for 
even very large values of the coefficient of friction, f, and the 
radius ratio, x.  This alternate form may better describe the actual 
velocity gradient in the scroll, but it would certainly complicate 
the calculation procedure.  The following is the derivation of an 
alternate form of the tangential velocity distribution. 
Ideally, the conservation of angular momentum can be written 
r C„ = r, C - 2.A.1 
u   3 u3 
Solving for the radius, r, and differentiating with respect to the 
tangential velocity, C , yields 
dr = - ( r3 Cu3 ) C"2 d( Cu ) 2.4.2 
12 
To account for the loss in angular momentum due to friction we can 
write 
dr = - a  ( r, C , ) C~ d( C„ ) 2.4.3 
->  UJ    u      u
where the friction index is a function of the coefficient of 
friction.  Integrating with the boundary condition 
C = C _ at r = r 2.4.A 
u   u3        3 
and normalizing yields 
Cu/Cu3 = a  r3/( r - r3 + a r3 ) 2.4.5 
The preceding equation could be used to represent the tangential 
velocity distribution in a radial scroll cross-section.  A more 
realistic area distribution which maintains a constant pressure 
about the periphery of the diffuser exit would result.  Because this 
equation would drastically alter the solution technique proposed by 
Brown and Bradshaw its further use will not be studied. 
It has been previously noted that the authors do not consider the 
pressure loss due to friction when they write the momentum equation 
2.9.  The absence of this term is apparent in Figure 2.1.  For a 
13 
coefficient of friction of 0.0125 the solution technique will not 
converge.  The combination of these observations limits this design 
method to scroll configurations which have a reasonable value of the 
friction coefficient. 
For the given example problem the predicted area distribution was 
compared to the results of Schroder (7).  Figure 2.4 shows that in 
the first half of the scroll the predicted area distributions differ 
by less than two percent.  At the scroll exit Brown and Bradshaw pre- 
dict an area which is ten percent larger than that of Schroder. 
This larger area is attributable to both the assumed tangential 
velocity distribution and the lack of the pressure loss term in the 
momentum equation. 
14 
J3.  THEORETICAL ANALYSIS - K. J. MULLER (_5) 
3.1  INTRODUCTION 
From experimental evidence supplied by other investigators, Muller 
concluded that the secondary velocity distribution in a scroll 
cross-section occurs in the form of solid body rotation.  Because 
this vortex flow contributes to the friction and mixing losses and 
influences the static pressure distribution in the scroll, Muller 
acknowledged its presence when balancing the momentum equations. 
Muller used experimentally determined information which showed that 
the static pressure decreases toward the center of rotation in a 
given scroll cross-section.  The static pressure distribution in a 
scroll cross-section is shown to be 
P = P. + p w2 ( x2 - R2 )/2 3.1.1 4  K u v      o ' 
where P. is the static pressure at point (4) of Illustration 3.1 and 
w is the angular velocity about the center of rotation.  Illustra- 
tion 3.1 shows a circular scroll cross-section configuration.  Muller 
assumes that regardless of the cross-sectional shape of the scroll, 
an equivalent circular area can be analyzed without destroying the 
validity of equation 3.1.1.  The analysis technique described herein 
differs from that of Brown and Bradshaw, and Schroder. Muller 
derives an expression for the static pressure at point (4) of an 
equivalent circular cross-section assuming an incompressible flow 
15 
with uniform velocity components about the periphery of the scroll 
inlet. He derived the following expression to describe the static 
pressure at point (4) of a scroll cross-section. 
. dP,      . „ „2   r,C„V 1  4 _  -1    , 2 V _  3 u3   . 
p d<j>    4) + <j> A2  r4    A 
+ 1 dA , V2 , A     ,     ,       C, r23 C2 U cos a3 
+
 A d* ( A2 + n 7| Cr3 > Fr^A  
3.1.2 
where    n' = | ( 2 - R2/R2 ) 3.1.3 
This expression can be solved along with equation 3.1.1 to determine 
the static pressure for all points in the equivalent scroll.  A 
scroll loss coefficient could not be derived which would be-consis- 
tent with the results of Muller's analysis. 
The intent of Muller's analysis is to model the complex scroll 
geometry with an axi-<symmetric elongated housing with a correction 
for the axis curvature.  Derived are expressions for the volumetric 
influence factor of the secondary rotation, K , and the volumetric 
angular momentum correction factor, K,.  The following summarizes the 
work of Muller. 
16 
3.2 ANALYSIS 
Because a scroll is actually a spiralled housing, Muller modified the 
one dimensional continuity equation with a volumetric angular momen- 
tum correction factor, K,.  This modification accounts for the free d 
vortex flow of the tangential velocity entering the scroll.  From 
continuity the volumetric flow rate of the fluid perpendicular to the 
scroll cross-section is 
dA 3.2.1 
- i" -. 
where 
dA = b dr 3.2.2 
C r = C , r, 3.2.3 
u     u4 4 
If the tangential velocity were a constant over the entire cross- 
section, the volumetric flow rate could be expressed as 
V = Cu4 A 3.2.4 
By definition, the volumetric angular momentum correction factor, K , d 
is the ratio of the volumetric flow rates, V and V1.  Therefore, 
'/"* 
Kd = f -i4/  x^dr 3-2-5 
An expression for the tangential velocity must be obtained which is 
consistent with the pressure distribution given by equation 3.1.1. 
The secondary rotational velocity, C , defined in Illustration 3.1 
is related to the angular velocity, w , by 
Cv = wu x 3.2.6    . 
17 
For an incompressible flow the total and static pressure distribu- 
tions in a scroll cross-section are defined as 
I«t=£2 + C dcv + c *c 32_7 
p dx   x    v dx    u dx 
and      1 dP = C2 
p dx  x 3.2.8. 
An expression for the static pressure in a scroll cross-section per 
equation 3.1.1 can be obtained by substituting equation 3.2.6 in 
equation 3.2.8 and integrating the latter.  This yields 
P = p w2 x2/2 + K 3.2.9    . 
The value of K is determined by the boundary condition that P = P, 
at x = R .  Therefore, 
K = P. - p w2 R2/2 3.2.10 4     u  o 
Substituting the above equation in equation 3.2.9 and rearranging 
yields 
2   2 ?  9 P = P4 + p w    ( x - Rz  )/2 3.1.1 
Simultaneously solving equations 3.2.6 and 3.2.7 for the tangential 
velocity, C , and integrating with dPt/dx = 0 for a constant scroll 
■cross-section yields 
C2 = -2 w2 x2 + K, 3.2.11 
u      u      1 
The value of K, is determined by the boundary condition that C = 
C / and w R = C , at x = R .  Therfore, 
u4     u o   r4        o 
Kl = CuA + 2  Cr4 3.2.12 
The tangential velocity distribution can now be described as 
C
u 
=
 
C
u4 + 2 Cr4 " 2 Cr4 *2/Ro 3'2'13 
since    wu = C ,/RQ 3.2.14 
18 
'u4 3R Lauu4 v x "• co& um > i t,-LU "m 
where _, 
In order to simplify the calculation procedure, Muller created the 
following abbreviations « 
Ci = Cu4 + 2 Cr4 = Cr4 ( 1 + sin2ct4 )/sin2a4 3.2.15 
Cm = 2 C24 R2/R2 3.2.16 
G,,,   y2 R sina/.      . ,„        „„..-, sm a = T^n = —i—     4—-  i/2        3.2.17 
m  Ci   RQ ( 1 + sm^a4 ) 
This allows the tangential velocity distribution to be written as 
C2 = C2 -  C2 x2/R2 3.2.18 
The volumetric flow rate can now be determined by substituting the 
preceding expression for the tangential velocity into the continuity 
equation 3.2.1 and integrating. 
v
 = 
R
 *  
C
„A 5-5- tana/, (  1 -• cos3a  )/sin\ 
3.2.19 
a4 = tan ~( Cr4/Cu4 ) 3.2.20   . 
If the volumetric influence factor of the secondary rotation, 1^, for 
a radial scroll cross-section is defined as 
2 V1T 1 3 3 K. = zrzr   T tana,   (  1 - cos a    )/sin CL 
r
  i r  i  J   77  J    H m      m 1 - .5 b VTT/A 
3.2.21 
the volumetric flow rate can now be expressed" 
V = K AC, 3.2.22 
r   u4 
Considering the effect of the angular momentum correction factor, K , d 
by equation 3.2.5, the general expression for the volumetric flow 
rate can be defined as 
V = Kd Kr C  A = Cu A = V3 ( <J>/2TT ) + VQ   3.2.2 3 
where C is the effective tangential velocity uniformly distributed 
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over the scroll cross-section and V is the recirculation flow rate 
o 
which passes the scroll tongue at <J> = 0. 
The volumetric correction factor, K , of circular and square scrolls 
are compared in Figure 3.1.  The compared scrolls are assumed to have 
the scroll inlet radius, r~, equal to r . 
In Figure 3.2 the volumetric secondary influence factor, K , is 
r 
plotted as a function of a, for various values of b^/R.  The angle, 
a», is defined by equation 3.2.20.  For a typical scroll design a, 
approximately equals 0.30 radians.  Therefore, the maximum influence 
of the secondary rotation on the volumetric flow rate is five per- 
cent. 
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From Figures 3.1 and 3.2 Muller judged that the influence factors, K, 
and K , had a negligible effect on the pressure distribution in a 
scroll cross-section.  Muller developed an analytical expression to 
describe the static pressure at point (4) of a scroll cross-section 
which neglects the influence of these factors.  In order to ascertain 
the validity of Muller's judgement a modified expression was derived 
by the author which includes the effect of the influence factors, K, d 
and K , on the pressure distribution in a scroll. A summary of both 
derivations follows with a comparison of their results. 
Writing the momentum equilibrium equation for a control volume in the 
scroll about the impeller axis of rotation per Illustration 3.2 we see 
that 
M, = M - M 3.2.24 f   m   r 
where 
Mf = Moment of momentum through the scroll and of the 
pressure forces 
MJJJ -  Moment of momentum through the arc length r~ d<J> 
Mj. = Moment of momentum attributable to surface friction 
By definition we can write 
Mf = p r> / C*  dA + r4/  P dA 3.2.25 
J+A J+A 
with 
and 
C
u - ^4 + 2 C2Th - 2  C^4 X2/R2 3.2.13 
P = P4 + p W2 ( x2 - R2 )/2 3.1.1 
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Substituting equations 3.2.13 and 3.1.1 in 3.2.25, and integrating 
with respect to the area, A, yields 
2 
Mf = P r4 Kr CU4 A + r4 A PA - 1/4 p r4 C24 ( 2 - ^ ) A 
R o 
3.2.26 
In what follows Muller neglected the influence factors, K, and K . 
He defined the mean tangential velocity in a scroll cross-section as 
Cu = Cs r3/r4 3.2.27 
where C is the tangential velocity in the spiral cross-section 
s 
corresponding to r,,. 
Because experimental results showed that the rotation in a scroll 
cross-section is mainly load dependent, Muller defined the velocity 
component, C ,, as 
Cr4 -/n Cr3 r3/r4 3.2.28 
where 
-1 
I 
Substituting equations 3.2.27 and 3.2.28 into 3.2.26 yields 
n = ( 1 + Tt  Cd ) 3.2.29 
r R2   2 Cr3 A Mf = P V r3 Cs + rA I P4 A " 1M p n ( 2 " 2 } r3 r 
o 4 
1 
3.2.30 
Differentiating the preceding equation with respect to <j> along with 
the substitution that 
rT = T ( 2 - -, ) 3.2.31 
Ro yields 
r
2
 C2 mf 2 r    dv j.     t7dC x   . dP,    , 3 r3 dA d?f = p r3 Cs d* + p r3 V dT + r4 A d*4 - n —^~  d* 
22 3.2.32 
In order for Muller to simplify his analysis he judged that the deriv- 
ative of r, with respect to <j> is small.  Therefore, dr,/d<j> is set 
equal to zero in the preceding equation. 
The expressions for M and M can be written 
m     r 
-rfm = p r. C - 77 3.2.33 d<j>      3 u3 d<() 
3Yr = 1/2 p C, x\  C2 cos a, U 3.3-34 
d<p d  j  3     J 
The latter equation was obtained by writing the moment of momentum 
attributable to surface friction as 
dM = 1/2 p C2 C r d<j> U cosa r 3.2.35 
r d 
along with the substitutions 
C r = C_ r.  and cosa = cosa- 3.2.36 
The volumetric flow rate has  previously been defined  as 
V = V    + V,   (  <J>/2TT  )  = A -3 C 3.2.23 
° 3 r4    s 
Therefore, by substituting equations 3.2.32, 3.2.33, and 3.2.34 in 
the derivative of equation 3.2.24 with the preceding substitution 
yields 
1 iE* . -1 2 V2       r3 Cu3 V 
p  d<j> <(>0 + <*• A r4 A 
+ ldA(I2 + n,ic2 . Cd r3 C23 U COS "3 
+
 A d* C A2 + n  2 Cr3 > 2 r, A 
r4 4 
3.1.2 
The above equation can be numerically integrated for a given scroll 
area distribution and an expected value of the coefficient of 
friction. 
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A modified Muller equation can be derived which describes the pres- 
sure distribution at point (4) of a scroll cross-section.  From equa- 
tion 3.2.26 we saw that 
Mf = p r4 Kr CU4 A + r4 A P4 " 1M P r4 Cr4 ( 2 " f2 } A o 
3.2.26 
The assumptions will be made that K., K , and r are a constant for d  r      4 
a radial differential element, dcj), but vary along the scroll center- 
-/ ■ 
line.  Muller in his analysis made a similar assumption. 
From continuity we saw that 
c
u4 = { Vo ( 4>/2ir ) + v  }/( K^ K A >      3.2.37 UH
     3 o     d r 
Combining equations 3.2.28 and 3.2.37 with 3.2.26, and differentiating 
with respect to <f> results in the following equation. 
«,. iil* ( !L! + v , ("LJ ^.+la.!,. ^, d<f> R2     ^     2TT VO  '   K  4TTA    d<f>       2ir       2 A d<J>  ; 
d 
2  c2 
+
 
rAA^-r/P^^'—II 3.2.38 . 4       dcj> 4    4  d<j> r,       d<j> 
Therefore, by substituting equations 3.2.33, 3.2.34, and 3.2.38 into 
the differential of equation 3.2.24 and rearranging will yield the 
modified expression for dP,/d(f>. 
i«4-^_(!3* + ,  w!a   V«   !2-«, p  d<T      A2  R2   V  2IT  * o  ;   ^  2TT      4TT A d<j)       2 A d<j)  ; 
d 
2    2 2    2 
_■_           3     r3 dA         d     3     3 
+ 5    -T-r 5 r-  U cosa, 
A r2 d<J.        2 r    A                 3 
4   - 
C    • r        V 
+ -^—- C — ") 3 2  39 A r,     ^  2TT  ; J.^.jy 
4 
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Three example solutions are presented in Section 3.3 which compare the 
solution of Muller's equation 3.1.2 with the modified version 3.2.39. 
The following figures summarize the scroll design technique of Muller 
using the design data presented in Section 3.3. 
Figure 3.3 - Solution based on equation 3.1.2 
Figure 3.4 - Solution based on equation 3.2.39 with K, = 1.0 d 
Figure 3.5 - Solution based on equation 3.3.39 
\ 
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3.3 NUMERICAL SOLUTION 
A computer program of the method of Muller has been written which 
determines the static pressure, P^, for a scroll cross-section as a 
function of <j> for a given circumferential area distribution. 
To illustrate the solution technique proposed by Muller, a scroll 
with a square cross-section will be analyzed with the following 
design data 
G3 = 1.65 kg/s 
r = r0 = .170 m o   3 
p = 1.56 kg/m3 
C , = 154 m/s 
u3 
Cr3 = 50 m/s 
Cd = 0.0075 
b3 = 0.0198 m 
A linear area distribution with angle <J> will be assumed with the 
recirculation area under the tongue being one percent of the scroll 
discharge area, Ac.  Therefore, 
A ( 0 ) = 9.62E-5 m2 
A ( 2TT ) = 9.72E-3 m2 . 
If the mean velocity in the recirculation area is 154 m/s, d> can be 
o 
determined from 
V =  ( V3/2TT  )   (  <fr + <j>o  )   = Cu A 
or <j>o =  2u C"u A p/G3 = 0.0880 radians 
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3.4 DISCUSSION 
« 
The performance of a given scroll geometry can be obtained using Mul- 
ler's derived expression for the static pressure at point (4) of 
Illustration 3.1.  A scroll design can also be obtained by setting 
P, = P = constant and solving for the required area distribution. 
Both of the above direct and indirect design problems are presented 
by Muller. 
For the off-design case the scroll inlet parameters P  , C~, and G_ 
are a function of the angle, <f>.  Therefore, the validity of equation 
3.1.2 for a given area distribution is questionable since the deriva- 
tion of this expression was based on uniform flow and pressure condi- 
tions at the scroll inlet.  By definition the scroll loss coefficient, 
(o, is 
P  - P t3  rt5 
0) =  
l/2 p C3 
Because the relationship between P and P, is not known, a scroll loss 
coefficient could not be determined which would be consistent with the 
results of Brown and Bradshaw, and Schroder.  Therefore, Muller's 
analysis technique makes the comparison of arbitrary scroll geometries 
difficult at best.  The work of Muller should be further studied to 
determine the potential of a modified solution technique. 
For the scroll design case the author does not agree with the assump- 
tion that P, = P = constant when comparing arbitrary scroll geome— 
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tries. Again, a scroll loss coefficient could not be defined. 
In conclusion Muller notes that the pressure losses in a scroll 
cross-section can be minimized by studying the secondary rotation 
characteristics of the proposed geometry.  This concept should be 
considered for any following study of scroll design techniques. 
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4.  THEORETICAL ANALYSIS - H. J. SCHRODER (7) 
4.1  INTRODUCTION 
H. J. Schroder studied the work of several authors concerned with the 
design of spiral scrolls for centrifugal compressors.  In his paper 
he reduced the scroll design problem to that of a conical spiral of 
pipe with a mass flow evenly supplied at a constant pressure.  The 
basic equations of continuity and momentum are satisfied on a one- 
dimensional model which accounts for arbitrary spiral curvature. 
Schroder assumes that an incompressible fluid is supplied to the 
scroll inlet at a constant radius and with a uniform tangential 
velocity.  For a scroll cross-section the angular momentum is assumed 
to be distributed according to the following free vortex relationship 
Cur=Cu7 ,4.1.1 
The magnitude of Cu r is obtained by simultaneously satisfying the 
continuity and momentum relationships for the author's flow model. 
The following is a synopsis of Schroder's technique for studying the 
viscous flow through a scroll with a varying cross-section. 
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4.2 ANALYSIS 
For the scroll model the mass flow can be expressed as 
G = G3 ( 4>/2TT ) = p /  : Cu b dr 
-'
ro 
= p C, r#    b/r dr        4.2.1 
Schroder wrote the moment of momentum for a scroll cross-section In 
the form of the following equation 
dMm + dMk + dM = 0 4.2.2 
where KL, M,, and M_. are the moment of momentums attributable to the 
mass flow, friction, and pressure, respectively.  For ML he obtained 
M
m 
=
 
p/   Cjb r dr = p/   b/r dr = ( <J>/2TT ) G3 Cu r 
ro ro     • A ? 1 Differentiating yields t.z.j 
 dMn = ( G3/2jr ) d(...i...Cu.7...) 4.2.4 
Adding the influence of the mass entering along d<J> at ro, we see that 
dM
m = ( G3/2ir >  d( * cu r ) " Cu3 r3 d* 4.2.5 
Schroder defines the moment of the friction and mixing losses as 
dMk = 1/8 A p cj r2 U d(j) 4.2..6 
which is identical to that defined by Brown and Bradshaw, and Muller 
if 
f = C, = A/4 4.2.7 
a 
Muller and Schroder model the static pressure distribution in a 
radial scroll cross-section from different perspectives.  Muller 
recognized the existence of a forced vortex in the plane of the 
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cross-section which is influenced by the scroll inlet geometry. 
Schroder did not consider this effect and by integrating the momentum 
equation in the tangential direction he wrote 
dP = p cj dr/r = p cj r2 dr/r3 4.2.8 
which integrates to yield 
P - P3 = 1/2 p c2 r2   ( -2 - -2 ) 4.2.9 
r   r 
Writing 3 
f  rl 9P JA   9A 
-Jr        3? d* r i? dM =/    — d<j>  — dr 
«^ i. 
o 
4.2.10 
with 
dP = j p d( C2 r2 ) ( l/r§ - 1/r2 ) 4.2.11 
and 
dA = b dr 4.2.12 
we.see that 
J r_    r„ 
r    2 
dM = 1/2 p d( C2 72 )/" X ( -„ - 1 ) b/r dr p u 
4.2.13 
Introducing the concept of continuity by equation 4.2.1, the differ- 
ential, dM , reduces to 
P 
dM = ( <|>/27r ) G3 d( Cu r  ) Q 4.2.14 
where 
Q.   
Jl
° 
dr 
rlf ^ b/r 
•'r o 
dr 
- 1 
4.2.15 
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Adding the expressions for the momentum differentials and equating to 
zero yields 
C   .  r    d<f>  - d(  C     r (())-(  TT/4   )   A   p   C2  r2 U/G-,  d$ 
u3     3                       u                                                   u J 
-  *  d(   Cu  r  )   Q =  0 4.2.16 
At this point Schroder integrated equation 4.2.16 from <j> = 0 to <j>, 
and obtained the relationship 
( Cu 7 )/( Cu r ) = 1 - A ( <J>/2TT )1/2       4.2.17 
with     A = ( TT/6 ) A p Cu3 r3 U5/G3 4.2.18 
where Ur is the perimeter at the scroll exit. 
This equation was obtained by making the aproximation that 
( Cu 7 )2 * ( Cu3 r3 )2 4.2.19 
U - U5 ( 4»/2TT )1/2 4.2.20 
<j> d( Cu r ) Q - 0 4.2.21" 
and integrating equation 2.2". 16. An improved solution for the 
Cu r distribution in the scroll can be obtained by again integrating 
equation 4.2.16 using the approximation 4.2.17 along with an expres- 
sion for Q.  If all of the scroll cross-sections are geometrically 
similar it can be justified that Q = Q_ ( <J>/2ir )ly'2   4.2.22 
The validity of this approximation can be seen in Figure 4.1. 
By differentiating equation 4.2.17 we see that 
d(
„
C
" 
r
  
}
   =  -1/2 A  (  <f>/2Tr  )1/2  d<j> 4.2.23 
Cu3 ^3 
These approximations, equations 4.2.22 and 4.2.23, when substituted 
into equation 4.2.16 yield 
 . 1/2 
d<j)  - d(   Cu  r   <f.  )/(   Cu3  r3   )   *  1.5 A  (   <J>/2TT  ) 
-  3 A  (   <J)/2TT  )  + 1.5 A3   (   <f>/2Tr  )3/2 -   . 5 A Q5   (  <J>/2TT  )   d<f> 
32 4.2.24 
Integrating with <j> varying from 0 to <j> yields 
(   Cu 7 )/(  Cu3  r3   )   *  1  -   {  A  (   <J>/2TT  )1/2  -   1.5 A2   (   <J>/2TT  ) 
+  .6 A3   (   4>/2TT  )3/2  -   .25 A Q5   (   <j>/27r  )   } 4.2.25 
with 
A =   (   IT/6   )   A   p   C  _   r„  U,/G_ 4.2.26 
u3     J     5     3 
Using equation 4.2.1 the above equation can be numerically solved 
for r to determine the area distribution with angle <\>  which will 
result in a scoll design with a constant static pressure about the 
periphery of the scroll inlet. 
A 
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4.3 NUMERICAL SOLUTION 
A computer program has been written which determines the scroll area 
distribution required to maintain a constant static pressure about 
the periphery of the scroll inlet per the theory outlined by 
Schroder.  A scroll with a circular cross-section with the following 
design data was studied. 
G3 = 1.65 kg/s 
rQ = r = .170 m 
p = 1.56 kg/m 
C
u3 = 154 m/s  Cr3 = 50 m/s  a3 = 18-° degrees 
A = 0.03 
Equation 4.2.16 can be expressed as 
Q =^f 1 4.3.1 
r^  IB 
where ■r IA =/ • A  b r dr 4.3.2 o 
IB =/  x  b/r dr 4.3.3 
For circular cross-sections equations 4.3.2 and 4.3.3 can be integra- 
ted to yield 
IA = ( ir/8-) ( rx + rQ .) ( r± -  rQ ) 4.3.4 
IB = TT ( r^/2- r^/2 ) 4.3.5 
The continuity relation, equation 4.2.1, can be written 
G = G3 ( 4>/2TT ) = p Cu r IB 4.3.6 
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or 
G, ( (f>/27r ) = TT p C r ( r]/2-  r1/2 )       4.3.7  '  . 
J u      1     o 
The above expression can be solved simultaneously with equation 4.2.25 
for a circular cross-section to yield 
1/2  1/2 -1 
G, ( <J>/2TT ) ( r/ - r^ ) 1/2 
-^    
X
    °    - 1 - { A ( <J»/2Tr )1/2 
TT p Cu3 r3 
2 3        3/2 
- 1.5 A     (  <{./2TT  )  + 0.6 A     (  <j)/2ir  ) 
- 0.25 A Q5 ( +/2ir ) } 4.3.8 ^ 
with 
where 
A = ( TT2/6 ) A p C , r, ( r,= - r ) /G,     4.3.9 
u3  3   15   o   3 
n . 
(
 
r15 + ro > ( r15 - ro >2 . , Q5
 ^T^F^T' 
r,c = r- at the scroll exit ( <f>=2ir ) 
Hence, the outer scroll radius, r , can be determined as a function 
of <J> using a stepwise computer technique.  The initial value of r» is 
determined at the scroll exit ( <J>=2Tr ) .  The resulting values of A 
and Q5 can be substituted into equation 4.3.8 to determine r- vs. <j) 
elsewhere in the scroll.  The results of this study are summarized 
in Table 4.1. 
If one plots Q/Q_ and U/U versus <j>/2ir as in Figure 4.2, the approx- 
imations 
1/2 1/2 Q « Q  ( 4./2TT )   and D - U  ( <J»/2TT )     4.2.20,22 
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used in the derivation of equation 4.2.25 are substantiated.  The 
validity of Schroder's solution technique is dependent on the sub- 
stantiation of these approximations. 
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4.4  DISCUSSION 
In order to compare the performance of various scroll designs, a loss 
coefficient compatible with the design theory of Schroder must be 
developed.  The scroll performance is related to the total pressure 
loss of the flow due to friction.  The loss coefficient, w, of a 
given scroll is defined as 
a) = ( Pt3 - Pt5 )/( 1/2 p C3 ) 4.4.1 
where    Pt3 = P3 + 1/2 p C3 4.4.2 
Pt5 = P5 + 1/2 p C2 4.4.3 
Schroder determined the radial pressure distribution in a scroll 
cross-section from the expression 
dP = ( p cj/r ) dr = ( p C2 72/r3 ) dr      4.4.4 
This equation integrates to yield 
P - P3 = 1/2 p C2 72 ( ~2 - ^ ) 4.4.5 
r3  r 
At the scroll exit the total pressure, P^c, can be expressed as 
Pt5 = 1/2 p ( Cu r )25  ( -2 - - ) + P3 + 1/2 p C2, 
r3  r5 
4.4.6 
Since Schroder assumes that there is no radial component of velocity 
in a scroll cross-section 
r5 Cu5 * r5 C5 a   C Cu7 )5 4.4.7 
and      C0 = C - 4.4.8    . 3   u3 
Therefore, the absolute velocity, C_, can be expressed as 
C5 = ( Cu 7 )5/r5 4.4.9 
Substituting equations 4.4.2, 4.4.8, and 4.4.9 in equation 4.4.5 
37 
yields 
P,, - P _ = 1/2 p ( C r )2Jrl -  111  p C2„  4.A.10 
ti>   t3 u   5 J u3 
The scroll loss coefficient, u, defined by equation 4.4.1 can now be 
expressed as       _ _ 9 
(
 Sa r >5 
u = 1 -^ 4.4.11 
C% r2 
u3 3 
The loss coefficient of the example circular scroll is 0.1626. 
From Figure 4.3 it is evident that the fluid impulse C r, drops 
significantly in the beginning of the scroll.  This loss is due to 
the small hydralic diameter of the cross-section and results in a 
decrease of the total pressure in the scroll. 
In order to ascertain the effect of geometric shape on scroll per- 
« 
formance, the previously studied circular scroll was compared to 
various rectangular designs.  Rectangular scrolls with width to 
height ratios, BRATIO, and r to r ratios, RRATIO, per Illustration 
o 03 
4.1 were studied.  A rectangular scroll design was studied with the 
BRATIO varied from 0.60 to 1.00 and the RRATIO varied from 1.00 to 
0.80.  The corresponding loss coefficients are tabulated in Tables 
4.2 and 4.3.  These tables confirm the observations of Mishina and 
Gyobu concerning the performance of centrifugal compressor scrolls. 
Both theoretical and experimental observations confirm that scrolls 
with various cross-sectional geometries have similar loss coeffi- 
cients if they share a common mean radial centerline and area dis- 
tribution.  Low RRATIO scrolls result in designs with high loss 
coefficients.  The RRATIO performance is attributable to high 
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tangential velocities with corresponding increased friction losses. 
In order to ascertain the effect of the assumed coefficient of 
friction on the predicted scroll performance, the example scroll 
design data was reanalyzed with X  = .01.  The result of this analysis 
is 
X  = .01 
A ( 2TT ) = 0.00923 m2 
Cu r ( 2TT ) = 25.306 m2/s 
a) = 0.0334 
The loss coefficient of this scroll was reduced from 0.1626 to 0.0334 
while the predicted area required at the scroll exit was reduced six 
percent. 
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_5.  DISCUSSION - MISHINA AND GYOBU (4) 
Mishina and Gyobu have investigated the performance of a large 
capacity centrifugal compressor and have experimentally determined 
the loss coefficient of seven scroll geometries.  The scroll per- 
formance characteristics show that though the effect of the cross- 
sectional shape is relatively small, the circumferential area dis- 
tribution and the mean radius of the scroll greatly affect the loss 
coefficient.  The velocity distribution in the plane of the scroll 
cross-section reveals a vortex flow caused by the tangential inlet. 
This vortex resembles solid body rotation and results in a total 
pressure loss due to the additional friction and mixing losses. 
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TABLES 
41 
TABLE 2.1 - Angle <J> as a Function of A and r, for Various Values 
of the Coefficient of Friction, f 
Friction Coefficient 
AxlO3 r4 0.000 0.005 0.0075 0.010 0.0113 0.0125 
00.00 .1700 0.000 0.000 0.000 0.000 0.000 0.000 
01.50 .1894 1.237 1.187 1.162 1.136 1.124 1.111 
03.00 .1974 2.380 2.244 2.175 2.103 2.067 2.030 
04.50 .2035 3.471 3.229 3.102 2.971 2.903 2.834 
06.00 .2087 4.524 4.158 3.965 3.762 3.655 3.545 
07.50 .2133 5.547 5.043 4.774 4.487 4.334 4.173 
09.00 .2174 5.891 5.537 5.154 4.945 4.720 
10.50 .2212 
12.00 .2248 
13.50  .2281 
15*. 00   .2312 
2 
Units: A, m ; r^, m 
TABLE 2.2 - Scroll Area at 
Coefficient of 
f 
6.259       5.765       5.489 
5.964 
5.181 
5.537 
5.733 
(J> = 2ir for Various Values of the 
Friction, f 
0.000 
0.005 
0.0075 
0.010 
0.0113 
0.0125 
AxlO 
8.605 
9.715 
10.551 
11.884 
13.187 
Units: A, m 
42 
TABLE 2.3 - Friction Index, a, as a Function of A and x,   for Various 
Values of the Coefficient of Friction, f * 
Friction Coefficient 
AxlO3 r4 .0000 .0050 .0075 .0100 .01125 .0125 
00.00 .1700             
01.50 .1894 .0000 .3160 .4770 .6402 .7227 .8059 
03.00 .1974 .0000 .3055 .4631 .6247 .7072 .7910 
04.50 .2035 .0000 .2981 .4538 .6152 .6989 .7842 
06.00 .2087 .0000 .2925 .4470 .6094 .6944 .7827 
07.50 .2133 .0000 .2879 .4419 .6061 .6935 .7859 
6957 .7938 
7010 .8077 
7099 .8305 
.2841 .4380 .6049 
  .4351 .6057 
12.00  .2248 
13.50  .2281              .8720 
15.00   .2312 
2 
Units: A*> m ; r, , m 
TABLE 2.4 - Friction Index, a, at <J» = 2ir for Various Values of the 
Coefficient of Friction, f 
I £ 
0.0000        0.0000 
0.0050        0.2825 
0.0075        0.4350 
0.0100 
0.01125 
0.0125 
0.6081 
0.7204 
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TABLE 2.5 - C /C  as a Function of the radius ratio, x = r/r , 
 u uo o 
for Various Values of the Coefficient of Friction, f 
Friction Coefficient 
X 0 .0000 0 .0050 0 .0075 0 .0100 0 .01125 0 .0125* 
1.000 1 .0000 1 .0000 1 .0000 1 .0000 1 .0000 1 .0000 
1.100 .9091 .8808 .8656 . 8483 .8371 .8178 
1.200 .8333 .7768 .7463 .7117 .6893 .6508 
1.300 .7692 .6845 .6387 .5868 .5531 .4954 
1.400 .7143 .6013 .5403 .4710 .4261 .3491 
1.500 .6667 .5254 .4492 .3626 .3065 .2102 
1.600 .3640 .2601 .1928 .0773 
TABLE 2.6 - x   and C _/C  at <J> = 2TT for Various Values of the 
 max     ul uo 
Coefficient of Friction, f 
£ X 
—max 
C _/C 
—ul —uo 
0.0000 1.545 .6470 
0.0050 1.580 .4692 
0.0075 1.605 .3605 
0.0100 1.641 .2193 
0.01125 1.675 .1102 
0.0125* 1.705 -.0536 
* For a coefficient of friction equal to 0.0125 the solution did 
not converge.  The velocity profile summarized is for <J» = 5.968 
radians. 
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TABLE 3.1 - Summary of the Example Square Scroll Design 
i A 
0.0 0.10 
0.5 0.86 
1.0 1.63 
1.5 2.39 
2.0 3.16 
2.5 3.93 
3.0 4.69 
3.5 5.46 
4.0 6.22 
4.5 6.99 
5.0 7.75 
5.5 8.52 
6.0 9:29 
6.283 9.72 
C 
—u 14 V 
154.0 0.1749 0.0148 
114.8 0.1847 0.0990 
112.5 0.1902 0.1831 
111.7 0.1945 0.2673 
111.2 0.1981 0.3514 
111.0 0.2013 0.4356 
110.8 0.2042 0.5197 
110.7 0.2069 0.6039 
110.6 0.2094 0.6880 
110.5 0.2118 0.7722 
110.4 0.2148 0.8563 
110.4 0.2162 0.9405 
110.3 0.2182 1.0246 
110.3 0.2193 1.0725 
2 3 Units: 4>, radians; A, m ; C , m/s; r , m; V, m /s 
u       4 
45 
TABLE 4.1 - Summary - Computer Solution of the Numerical Example 
-A- 
C r 
—u— 
<j>/2ir Q/Q5 u/u5 AxlO3 
0.2818 23.957 1.000 1.000 1.000 9.817 
0.2753 24.007 0.900 0.936 0.941 8.709 
0.2684 24.067 0.800 0.869 0.880 7.605 
0.2612 24.140 0.700 0.800 0.816 6.533 
0.2536 24.227 0.600 0.728 0.748 5.489 
0.2455 24.334 0.500 0.651 0.675 4.477 
0.2367 24.466 0.400 0.570 0.596 3.494 
0.2269 24.633 0.300 0.482 0.509 2.543 
0.2156 24.856 0.200 0.382 0.408 1.633 
0.2015 25.187 0.100 0.260 0.282 0.779 
0.1700    26.180    0.000    0.000   * 0.000    0.000 
— —  2       2 Units: r,, m: C r, m /s; A, m 1     u 
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TABLE 4.2 - The Scroll Loss Coefficient, cu, as a Function of the 
Geometry Ratios, BRATIO and RRATIO for a Rectangular 
Scroll 
BRATIO RRATIO 
^1 r 
—o 
C r 
-u — 
JJ 
1.60 1.00 .2461 .170 23.5095 .1936 
1.40 1.00 .2517 .170 23.5630 .1899 
1.20 1.00 .2588 .170 23.6181 .1861 
1.00 1.00 .2681 .170 23.6758 .1822 
0.80 1.00 .2809 .170 23.7381 .1778 
0.60 1.00 .3002 .170 23.8173 .1724 
1.60 0.90 .2258 .153 23.3452 .2048 
1.40 0.90 .2312 .153 23.3938 .2015 
1.20 0.90 .2380 .153 23.4414 .1983 
1.00 0.90 .2470 .153 23.4850 .1953 
0.80 0.90 .2594 .153 23.5270 .1924 
0.60 0.90 .2782 .153 23.5688 .1895 
1.60 0.80 .2052 .136 23.2370 .2122 
1.40 0.80 .2104 .136 23.2797 .2093 
1.20 0.80 .2169 .136 23.3191 .2066 
1.00 0.80 .2256 .136 23.3507 .2045 
0.80 0.80 .2375 .136 23.3725 .2030 
0.60 0.80 .2555 .136 23.3797 . 2025 
— —  2 
Units: r., m; r , m; C r, m /s 
1     o u 
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TABLE 4.3 - A Comparison of the Scroll Loss Coefficient, w, for 
Various Circular and Rectangular Scrolls 
Scroll Description BRAT10 RRATIO W 
1 Circular   1.00 0.1626 
2 Rectangular 0.60 1.00 0.1724 
3 Square 1.00 1.0Q 0.1822 
4 Rectangular 0.60 0.90 0.1895 
5 Rectangular 1.60 1.00 0.1936 
6 Square 1.00 0.90 0.1953 
7 Rectangular 0.60 0.80 0.2025 
8 Square 1.00 0.80 0.2045 
9 Rectangular 1.60 0.90 0.2048 
10 Rectangular 1.60 0.80 0.2122 
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FIGURE 3.1 - Volumetric Angular Momentum Correction Factor, K , 
 d 
vs. R/r_ 
0.00 1.00 
R/r, 
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FIGURE 3.2 - Volumetric Secondary Rotation Correction Factor, K , 
vs. a, for Various Values of Ratio b^/R 
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FIGURE 4.1  - Numerical  Solution 
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FIGURE 4.2 - Numerical Solution - (  P4  - P3   )/p  vs, (   <J>/2TT   ) 
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FIGURE 4. 3 - Numerical  Solution  -   (   Cu r  ) /(   C  _   r     )   vs.   (   <J>/2TT   ) 
0.00 1.00 
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FIGURE 4.4 - Loss Coefficient, to, as a Function of BRATIO AND 
RRATIO for Scrolls with a Rectangular Cross-section 
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Surface 1 
ILLUSTRATION 2.1 
Definition of Scroll Control Volume 
P3 = Constant 
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ILLUSTRATION 3.1 - Definition of Scroll 
Cross-section 
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Illustration 3.2 - Definition of 
Circular Scroll Control Volume 
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Illustration 4.1 - Definition of Rectangular Scroll Cross-section 
r 
I 
BRATIO = b/h 
RRATIO ro/r3 
T 
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